SUMMARY Serum lipid profiles of 3,446 (91% of population) children, ages 5-14 years, were determined in a biracial community (Bogalusa, Louisiana) as part of a program investigating the early natural history of atherosclerosis. Black children had significantly higher mean levels of serum cholesterol than white children (170 mg/dl vs 162 mg/dl, P < 0.0001). On the other hand, significantly lower levels of triglycerides were found in blacks than in whites (61 mg/dl vs 73 mg/dl, P < 0.0001). Girls had higher levels of triglycerides than boys in both races (blacks, 64 mg/dl vs 59 mg/dl, ATHEROSCLEROSIS PROBABLY begins during early childhood although the clinical sequelae do not appear until adulthood.'' Studies of arterial pathology have shown that fatty streaks are present in the aortas of children as young as three years of age,6 and that by age 20, raised lesions significant to the development of clinical disease have already begun to appear in coronary arteries.7`8 If these early lesions predispose children to coronary artery disease (CAD) during their adult years, and if there is a relationship between CAD risk factors (obesity, hypertension, and hyperlipidemia) and the progression of these lesions, then knowledge of risk factors in children is essential for the primary prevention of this disease.
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Blood cholesterol has long been recognized as a major independent risk factor for CAD in adults.9'-" More recently, the level of blood triglycerides has been incriminated as a CAD risk factor independent of cholesterol'2 13 although the evidence for independence is not conclusive."0 Earlier studies on limited numbers of children have shown that the mean serum cholesterol levels for children 3 to 4 years of age already approach levels found in young adults.'4 1" The marked individual variability observed in these studies suggested a need for an epidemiologic survey of a larger defined population to detect subtle differences in serum cholesterol and triglycerides which might relate to race, sex, and early age.
In order to obtain information on the distributions, interrelationships, and course over time of CAD risk factors in a community of children, the Bogalusa Heart Study was initiated in 1972 in Bogalusa, Louisiana, as the major program of a Specialized Center of Research-Arteriosclerosis (SCOR-A). During the first phase of the study, the pediatric P < 0.001; whites, 77 mg/dl vs 69 mg/dl, P < 0.001). The racial differences in serum cholesterol and triglyceride levels were even more apparent at the 95th percentile. The serum cholesterol level remained relatively constant in all children until ages 11 and 12 years, after which a slight reduction occurred. This reduction was more pronounced in boys than in girls. In contrast, a significant increase in the level of triglycerides with age was observed in all children except black girls, the increasing slope being most pronounced in white girls.
population of Bogalusa was screened. Extensive data were collected on serum cholesterol, triglycerides, lipoproteins, hemoglobin, blood pressure, selected anthropometric measurements, nutrition, and the parents' socioeconomic status; in addition, each child was given a complete physical examination by a physician. This paper reports the serum cholesterol and triglyceride data.
Materials and Methods

Population Sample
During the 1973-1974 school year, 3,524 children (37% blacks, 63% whites) ranging in age from 5-14 years, residing in Ward 4 (Bogalusa) of Washington Parish, Louisiana, were screened. This population represents 93% of the 3,786 children eligible. Ninety-seven percent of all black children and 91% of all white children were examined. Appropriate permission was obtained from a parent or guardian of each child. The eligible children were derived from a total population roster maintained by the Bogalusa school system. During the summer of 1974, a further evaluation was made of the nonexamined population. Based upon school records, the Bogalusa City Directory, and home visits, we were able to confirm that 262 Ward 4 children ages 5-14 years were eligible but were not examined in our study.
In order to take into consideration the possible influences of seasons upon the risk factors, examinations at the 14 Bogalusa schools (all but one racially integrated) were scheduled so that children of both races, both sexes and all ages were examined throughout the school year. Daily temperatures were recorded to evaluate potential seasonal effects.
Venipuncture was limited to two attempts; no blood samples were obtained from 78 children (2.2%). Each child was asked to fast for 12-14 hours before venipuncture; the duration since last food intake was determined by interview on the morning of the examination. Of the 3,446 samples, only 263 (7.6%) children reported as nonfasting. The 341 children with no blood samples or nonfasting blood samples consist of 9 .5% of the white children and 10.0% of the black children. 302 CHOL AND TG IN CHILDREN/Frerichs et al.
Collection of Blood Specimens
The children were seated and venous blood was collected in vacutainer tubes. The blood was allowed to clot at room temperature for approximately 1 l/2 hours. The clotted blood was centrifuged; the serum was extracted and placed into tubes containing the antibacterial agent Thimerosal (Aldrich Chemical Co., Milwaukee, Wis.), which were packaged with cold packs and sent by bus on the same day to New Orleans where they were immediately refrigerated at 4°C. The sera were extracted for analysis on the next day.
Serum Cholesterol and Triglyceride Determinations
All samples were analyzed in the SCOR-A Core Laboratory in New Orleans, which has been designated as "standardized" by the Center for Disease Control (CDC), Atlanta, Georgia, and currently is in the surveillance phase of the quality control program. Total serum cholesterol and triglycerides were analyzed simultaneously in a Technicon Auto-Analyzer II (Technicon Instrument Corp., Tarrytown, N.Y.) according to the protocol developed by the Lipid Research Clinics in collaboration with the CDC."6 Standardization and surveillance of lipid determinations requires that quality control sera are accurate to within 5% of the target value for serum cholesterol and within 9 mg/dl for serum triglyceride values between 0 and 249 mg/dl. An isopropanol extract of the serum was used for analyses. A serum calibrator, provided by the CDC, was used during every analytical run to convert the cholesterol values obtained by the Auto-Analyzer II to the standard reference method of Abell-Kendall.'7 The CDC also provided cholesterol and triglyceride (triolein) standards.
Every day of screening, additional aliquots of blood were collected in random order on approximately 12% of the children (also selected randomly) for assessment of measurement errors. To insure blind duplicate analyses, new names and new identification numbers were placed on the additional blood samples. Based on 431 duplicate samples, the standard deviations of the measurement errors for serum cholesterol and triglycerides were 9.14 mg/dl and 9.66 mg/dl, respectively; the coefficients of variation of the measurement errors were 5.5% and 13.3%. These values include not only the error in laboratory analyses of two independent samples but also that associated with the collection and processing of samples from the time of drawing until reporting of the values. A detailed analysis of the blind duplicate samples, the methodology for assessing measurement error, and the rationale for incorporating the laboratory controls in an epidemiologic survey will be published elsewhere.
Results
The effect of season on blood lipids did not appear to be significant in Bogalusa. The racial distributions of total serum cholesterol in the children are shown in figure 2. Statistically significant differences were observed between whites and blacks, the former tending to be lower (mean levels of 162 mg/dl vs 170 mg/dl, P < 0.0001; Student's t-test very slight in blacks. All children ages 5-14 years were combined since the onset of adolescence appeared to have a minimal effect on triglyceride levels. Although the slopes for white children are significantly different from zero, the proportion of variance of serum triglycerides explained by linear regression on age is only between 1.2% and 3.2% (r2). In a comparison of four race-sex groups, white children have significantly higher levels of serum triglycerides than black children (table 3) , and girls have higher levels than boys in both racial groups although these differences are not maintained throughout each age interval.
Three sets of percentile levels for serum triglycerides are shown in figure 4 . The lack of uniformity at the 95th percen- positive correlation between levels of the two blood lipids (only fasting children) is observed in whites for each twoyear age group. In black children, the correlation coefficients among the five age groups are lower than in white children with the exception of 7-to 8-year-old girls.
Using the method outlined in Snedecor and Cochran,"' a statistical test was made to determine if both racial sets of correlation coefficients are from the same underlying population. The correlation coefficient of total serum cholesterol with serum triglyceride in children 5 through 14 years old is significantly higher in white children than the coefficient in black children for both boys (whites, r = 0.27, blacks, r = 0.14; P < 0.01) and girls (whites, r = 0.24; blacks, r = 0.11; P < 0.02).
Discussion The levels of both serum cholesterol and serum triglycerides are highly variable within a population and require large numbers of people before subtle differences become statistically significant. Obviously, care must be taken in the interpretation of these results since in a large sample size, group differences which are statistically significant may or may not be important from a biological standpoint. Our mean levels of cholesterol agree relatively well (within 10 mg/dl) with values found by numerous investigators in the United States,20`25 although the recently reported Muscatine study26 is a notable exception with a mean serum cholesterol level in white children 20 mg/dl higher than in our comparable population (Bogalusa, 162 mg/dl; Muscatine, 182 mg/dl). Our values are lower by more than 30 mg/dl than levels reported in Swedish or Australian children,27-29 but, many of these studies are not directly comparable because of different analytical methods used for determining serum cholesterol. 30 Analytical variation is also a major consideration when comparing triglyceride levels in different study populations.3" Although studies of blood triglycerides in children are limited, our mean levels in Bogalusa are in close agreement (within 10 mg/dl) with other investigators analyzing blood from fasting children.27-29 A major exception was reported by Hodges et al. for nonfasting girls between 14 and 17 years old in Iowa who had a mean value of 45 mg/dl, almost half the level of the oldest group of fasting white girls in Bogalusa.20
Because of technical limitations, it is important to appreciate potential errors which can occur in the field as well as in the laboratory. Detailed analyses of our data for sources of measurement error (unpublished observations) show that the 95% confidence interval for a single analysis of serum cholesterol and triglycerides is approximately ± 18 mg/dl. Given this range of potential error, it is important to note how difficult it is to derive an accurate lipid profile for a given individual from a single blood sample, even in a rigidly controlled research laboratory.
The age-related changes in blood lipid levels are important although they cannot be clearly explained at this time. The progressive increase in triglycerides, most obvious in white girls, suggests a relative increase in body fat possibly resulting from overeating or underexercise.32 In contrast, however, there is a tendency for a decrease in cholesterol around puberty, more obvious in boys, which likely reflects marked hormonal influences. A similar decline in serum cholesterol at this stage of sexual maturation in boys has been observed in other cross-sectional studies23 34 and in both boys and girls in a longitudinal study.35 From our knowledge of serum cholesterol and triglyceride levels in adults, we can assume that the trend of triglyceride concentrations to increase with age should continue, whereas the slight negative trend in serum cholesterol levels in 11-through 14-year-olds should be reversed and start to increase during late adolescence and continue upward through adulthood.
The differences between the races in blood cholesterol or triglycerides were not noted in New York25 or in Evans County, Georgia;26 however, neither study had a sample size as large as the Bogalusa Heart Study.
The differences between races in Bogalusa are likely due to genetic influences, although environmental factors such as diet and socioeconomic status may also have a contributing effect. Education and occupation data were collected on the head of the child's household by a mailed questionnaire. Based upon our initial analyses, there was little association between the household head's social status and the lipid levels of the children. A further evaluation of these data is in progress. The differences noted in the correlation of serum cholesterol with serum triglycerides between the races does suggest that there are relative differences in the levels of the lipoprotein macromolecules (table 4) . We have reported data from a neighboring community showing that black children tend to have higher levels of a-lipoproteins than whites.15 Given the recent observations reviewed by Miller et al.36 that the cholesterol in high density lipoprotein molecules (a-lipoprotein cholesterol) and triglycerides in very low density lipoprotein molecules are negatively correlated, the higher levels of a-lipoprotein and lower levels of serum triglycerides in blacks could tend to minimize the correlation between cholesterol and triglycerides while the lipoprotein levels in whites result in a higher correlation of the same two lipids. Recent that the extreme individual variability in lipoprotein levels makes larger samples necessary to detect subtle differences possibly related to race, sex, and early age.
The Bogalusa Heart Study was initiated as part of a Specialized Center of Research-Arteriosclerosis (SCOR-A) in a biracial community (Bogalusa, Louisiana) to study the early natural history of atherosclerosis in a large pediatric population. The serum cholesterol and triglyceride levels in 5 to 14-year-old children of this community have been reported elsewhere. 20 The following study describes the serum lipoprotein profile in these children.
Materials and Methods
Population Sample
We examined 3524 children, representing 93% of all children ages 5-14, residing in Ward 4 (Bogalusa) of Washington Parish, Louisiana, for coronary artery disease risk factors. Of the 1840 boys and 1684 girls examined, 37% were black and 63% were white. Children of all ages were examined throughout the school year to account for seasonal influences on serum lipoprotein levels. Children were instructed to fast for 12-14 hours prior to the exam. Accord-
